words which have strong /ɪ/ in the two standard accents RP and GA. For our study, the following lexical sets are of importance:
• trap comprises those words whose citation form in RP and GA has /ae/; it is nearly always spelt <a>, e.g. trap, back.
• Start comprises those words whose citation form contains /ɑː/ in RP and the sequence /ɑr/ in GA. It is typically spelt <ar>, e.g. far, start, but words containing <ear>, <er>, and <aar> also occur, e.g. heart, sergeant, bazaar.
• palm comprises those words whose citation form in RP is /ɑː/ and /ɑ/ in GA, excluding those words where <a> is followed by /r/ in GA (i.e. the Start set). This set contains only a handful of common words, usually spelt with <a>, e.g. palm, calm, father.
• bath comprises those words whose citation form contains the vowel /ae/ in GA, but /ɑː/ in RP. Words in this set are spelt <a> and occasionally <au>, e.g. dance, bath, laugh. Cardiff English favours /ae/ in some of these words and /ɑː/ in others; see section 1.2 below.
The quality of the palm/Start vowel is a strong marker of social status in Cardiff, a long front vowel being used by working-class (WC) speakers while the more standardinfluenced central to back vowel is found in the middle class (MC) (Mees 1977 : 15, 36-39, Mees 1983 Coupland 1988: 26-27; Wells 1982: 381) . When asked about the Cardiff accent, almost all the informants -both WC and MC -mentioned the 'hard /a/s', as in Cardiff Arms Park (the national rugby stadium), which they pronounced with a very front (and sometimes raised) palm vowel [ˈkaːdɪf aːmz ˈpaːk]. One of the ten-year-old informants reported: 'If I say [ˈkaeːdɪf] , my Mummy 'its me. She says I've got to say [ˈkɑːdɪf] and talk properly' (Collins/Mees 1990: 96) . Interestingly, the quality of the trap vowel (more open than in RP and sometimes retracted) does not seem to be subject to the same negative attitudes and is rarely commented on.
Unlike GA, both RP and Cardiff English are non-rhotic accents (Wells 1982: 75-76) , and therefore palm and Start are identical. For convenience, we shall in the remainder of this paper use palm as a cover term for both lexical sets.
The bath Set
The bath set constitutes an example of what Wells (1982: 78-79) terms 'lexical-incidental' or 'lexical-distributional variation', i.e. differences in the incidence of phonemes in a specific set of words. Most accents have a trap-palm contrast, and this also holds true for both RP and Cardiff English, e.g. hat -heart, /haet -hɑːt/. (The actual realisation of the vowels may be different; for instance, trap is typically more open and retracted in Cardiff, [hat] , than in RP, and palm has a much more fronted (and sometimes raised) articulation, [haːt] .) However, in the lexical set bath, some varieties of English use trap while others favour palm. In RP, the items belonging to this set have the palm vowel (see below). By contrast, in many other British regional accents, as well as in other English-speaking varieties such as General American, some or all of the bath words are pronounced with the trap vowel /ae/ (Wells 1982: 133-135) . In Cardiff, the situation is complicated for three reasons. Firstly, the similar qualities of the palm and trap vowels (both being front open) make it difficult to determine which of the two is selected, at least in the working class (WC). In the middle class (MC), the realisation of palm is usually similar to RP, [ɑː] . Secondly, the duration of the trap vowel is often variable, adding another difficulty in discriminating the two vowels. Hughes, Trudgill and Watt (2012: 62) observe that southwestern accented speakers in Britain normally use trap in many of these words, 'often pronounced with a half-long /aˑ/'; this is also the case in Cardiff English, which has a lot in common with these varieties (Collins/Mees 1990: 87-88, 96) . In his study of Cardiff English, Coupland (1988) also draws attention to the 'generally quite long phonetic realizations of even the so-called "short" vowels, which means that the /a/ -/aː/ contrast is not a clear one for some speakers' (Coupland 1988: 28) . A further complication is constituted by the 'extremely strong stigmatization of [ae]-type realizations, particularly when lengthened, [which] leads Cardiff speakers to vary both the quality and length of this cluster of sounds when they style-shift' (Coupland 1988: 28-29) . Thirdly, contrary to accents like General American, where all the bath words take trap, in Cardiff the individual words making up the set vary (Mees 1983: 75-78; Coupland 1988: 28; Wells 1982: 387) . For instance, an item like chance is more likely to take trap whereas class favours palm, but there appears to be no consistent pattern (Wells 1982: 387; Mees 1983: 76; Collins/Mees 1990: 96) . To sum up, in Cardiff, three dimensions are involved in the bath words: vowel quality, vowel length and lexical distribution, resulting in various pronunciations, from long to short, and back to front (Wells 1982: 387; Penhallurick 2007: 156) . See The bath set includes chiefly words where <a> occurs before consonant clusters containing an initial nasal /n/ or /m/ or before the voiceless fricatives /f, θ, s/, e.g. chance, laugh, bath, class, and fast (Collins/Mees 2013: 105; Hughes/Trudgill/Watt 2012: 61) . However, as Wells (1982) observes, 'sound changes do not always apply to all lexical items which apparently meet their structural description', because 'the lexical diffusion was arrested before all the relevant items had undergone the change' Front a ɑː Central Back aː (Wells 1982: 100-101 In this exploratory study we examine the vowel chosen in these three phonological contexts in the speech of a small number of female informants who were recorded at three points in time (see sections 2.1 and 2.2). Because of the difficulties involved in determining whether trap or palm was selected (section 1.2), it was decided to analyse the vowels using a combination of acoustic measurement and auditory impressionistic judgment.
THE SAMPLE

Selecting the Speakers
Our study is based on a small number of speakers recorded in Cardiff, the capital of Wales, at three points in time over a period of 34 years (1977, 1990, 2011) . The original 1977 corpus consisted of 80 informants, 56 of whom were re-recorded in 1990. We selected 11 of the female speakers (five MC and six WC) who participated in both 1977 and 1990. We were able to trace five of these in 2011 (two MC and three WC); hence the 2011 results are clearly less reliable, but it is nevertheless hoped that some initial indications can be discovered. At the time of the first recordings the informants were ten years old. In 1990 they were young adults (aged 23) and in 2011 they had reached mid adulthood (aged 44). The 80 speakers in the original sample were selected from 15 different primary schools in the city of Cardiff. The schools, found with the help of an inspector of the Education Authority and a professor at the Department of Sociology, were located in eight administrative areas which differed with respect to social and economic characteristics.
Determining Social Class Status
A binary social class classification was adopted based on a weighted index of occupation, education and residential area (see Mees/Osorno 2015: 59-61 ). Father's occupation was used in the 1977 sample but was replaced in 1990 and 2011 by the informants' own occupations. The occupations of the fathers in the 1977 MC group were: economics lecturer, assistant county treasurer, stock control manager, press officer, sales representative. The families lived in typically middle-class districts (e.g. Llanishen, Whitchurch, Roath). The fathers' occupations in the WC group were: butcher, lorry driver, car mechanic, coach driver, packer. All the families in this group lived in WC districts such as Splott and Ely. With respect to education, all 1977 MC informants acquired A levels and most proceeded to take a university or teacher training college degree. All ended up in higher-status, white-collar occupations, e.g. accountant, court clerk, and teacher. None of the WC informants gained A levels, though the only girl who obtained O levels in this group went on to take a law degree and worked as an HR and training officer in the hotel industry, and would therefore in 2011 be classified as middle class. The remaining WC speakers worked as waitresses, factory packers, and carers in nursing homes. All continued to live in the districts they were brought up in. This was also to an extent the case for the MC group although there was more geographical mobility in this group since some of the speakers moved to areas outside Cardiff (Aberystwyth, Oxfordshire). For details, see Mees (1983) and Mees/Osorno (2015) .
The Texts
In addition to the free speech style obtained in interviews with the authors (IMM in 1977 and 1990 , CHO in 2011 , recordings were also made of a reading passage and a word list (the last-mentioned only in 1990 and 2011). The reading passage contained seven instances of bath words while the word list comprised 34 bath items. For this particular study, the written texts were chosen rather than the free speech excerpts to facilitate the process of data analysis and to ensure a greater degree of comparability of the data. As the 1977 sample did not contain a word list, we used the reading passage to compare the pronunciations of the bath words at the three points in time; in addition, this passage was employed for the normalisation procedure of the acoustic data (section 3.1.2). The word lists served mainly to illustrate the lexical distribution but were also compared across time (1990 and 2011) . As Labov, Ash and Boberg (2006: 37) observe, '[n]o means of instrumental analysis can be considered reliable without some degree of auditory confirmation.' The acoustic measurements obtained in the present study were therefore supplemented with auditory impressionistic analyses carried out by two trained phoneticians. The two methods are discussed below.
ANALYSES OF THE DATA
Acoustic Analyses
In general, only a small number of tokens are required in acoustic analyses as compared with auditory analyses. Deterding (1997: 49) , who studied 11 monophthongs for 10 speakers, measured approximately 10 occurrences of each of the vowels for each speaker. Fridland (1999) coded fewer than 10 tokens per vowel to represent the mean in her study of the southern shift in Memphis, Tennessee. In his study of the Philadelphia vowel system, Labov analysed between 10 and 20 tokens of a given variable per speaker, though for some of the less frequent vowels, he used down to a single instance per vowel (Labov 2001: 133) . Such a small number of tokens has been accepted in instrumental analyses as these are generally perceived as being more objective than analysis by auditory judgment, which requires a larger number of tokens to reduce misrepresentation due to subjectivity as far as possible (Milroy/Gordon 2003: 151) . However, since our corpus contained only a small number of speakers and tokens (seven in the reading passage and 34 in the word list), all vowels were analysed both acoustically and auditorily.
Vowel Formants
The acoustic analysis was carried out using the free software program Praat (http://praat. en.softonic.com/). The frequencies of F 1 and F 2 for each vowel were measured at the vowel's steady state, as close to the middle of the vowel as possible, at a point estimated to be the least affected by consonantal interference, as recommended by Harrington, Palethorpe and Watson (2000: 67) . This procedure was assisted by Praat's inbuilt formant tracker. However, this function is not always exact. Particularly when measuring back vowels, the two first formant tracks may be in close proximity, in some cases so much so that the central peaks of F 1 and F 2 may be very difficult to distinguish from one another. This was for instance the case for many of the words pronounced by Angie, whose palm vowels were very back, approximating cardinal vowel 5. Hence, following Harrington, Palethorpe and Watson (2000: 67) , formants sometimes had to be measured manually. The measurements were recorded in Excel spreadsheets, facilitating calculations. Tokens in which the vowel's formant tracks 1 and 2 were not clearly visible were discarded.
Normalisation Procedure
A problem when doing acoustic analyses is the difficulty in comparing the data of different speakers. No two vocal tracts are identical, and no two speakers have identical voice qualities, and as a result it may be very difficult to compare the sounds produced by different speakers, particularly when they are of different sexes or ages. In general, both female speakers and children tend to have higher frequencies than male speakers, as their vocal tracts are shorter, which means that their resonance frequencies are higher (Watt/Fabricius 2002: 161; Flynn 2011: 2) . By using only female informants, this problem was significantly reduced in the present study. A good normalisation procedure 'eliminates only those differences that are due to physical differences among speakers, but not social differences' (Labov 2001: 159) . We employed the modified version (Fabricius/Watt/Johnson 2009) of a relatively new method called the S-centroid Vowel Normalisation Procedure, also referred to as the S-procedure, which has been proposed by Watt and Fabricius (2002) . When tested against other methods, it has shown itself to be one of the most effective methods in allowing comparisons of vowel systems from different speakers (Fabricius/Watt/Johnson 2009: 431; Flynn 2011: 16-17 ). An obvious advantage of using this procedure is that measurements of only two vowels (flEEcE and trap) are needed in addition to the ones that are actually analysed. This is a clear improvement on other vowel-extrinsic normalisation methods, i.e. methods which require employing a number of other vowels (Flynn 2011 ).
The vowels measured (flEEcE in addition to palm and trap) were identified from the reading passage. Approximately 10 tokens were selected for each vowel. For an example of the calculation of S for one informant (Judy), see Osorno (2011: 49-50) .
The vowel triangles of all 11 speakers in 1990 are shown in Figures 2 and 3 , the first showing F 1 and F 2 in hertz and the second showing them relative to the S-centroid in Sunits. The effectiveness of the normalisation procedure is demonstrated by the overlap of the individual triangles -the greater the overlap, the more successful the normalisation. All names have been changed for the sake of anonymity. Looking at the informants' vowel spaces before and after normalisation, it can be observed that the procedure has greatly improved the overlap of the triangles, at least at the top. The lack of overlap at the bottom can be argued to be owing to the variability of the trap vowel in Cardiff English, some informants having a more front vowel quality than others.
3.1.3
Vowel Length In Cardiff English, the quality of WC trap is often similar or identical to that of palm. As a result, the choice of one or the other vowel in the bath words can sometimes be recognised by means of length alone (though even this is not a foolproof method as the trap vowel is sometimes relatively long; see section 1.2). Therefore, in addition to measuring the formants, the duration of the palm vowel was also measured. The mean length of the trap vowels was not calculated, as the length of this vowel tends to be highly variable (Cruttenden 2014: 98) . For instance, unlike any of the other short vowels, when trap is followed by a voiced consonant, e.g. bad, it is nearly as long as any of the long vowels (Cruttenden 2014: 120) .
The vowels in the palm set were divided into four categories: word-final position (e.g. far), preceding a voiced (non-nasal) consonant (e.g. hard), preceding a nasal consonant (e.g. farm), preceding a voiceless consonant (e.g. start). It was necessary to take all these categories into consideration as vowel length varies greatly according to its phonological context. It has been found that vowels are fully long when they occur in word-final position or are followed by a voiced consonant, shortened when they occur before a nasal, and shortest before a voiceless consonant (Cruttenden 2014: 101) . However, as the items were taken from a reading passage, the words were also affected by the reading rate of the informants, some words being pronounced faster than others regardless of their phonological context because of their position in the reading passage. To compensate for these effects, the different palm vowels were added up and divided to arrive at an average length. The mean length was made as representative as possible by using words from the four different categories.
The mean length of the palm vowel was then compared with the length of the vowel in each word from the bath lexical set. If the vowel in the bath set was shorter than the mean length of the vowels in the palm set, it was categorised as a trap vowel, and conversely, if it was longer, it was categorised as a palm vowel.
Auditory Impressionistic Analyses
A critique of instrumental techniques has been that although they can demonstrate fine-grained distinctions, they cannot show whether the many different variants can actually be perceived by listeners (Macaulay 2009: 25; Milroy/Gordon 2003: 150-151) . To ensure that the different realisations of the Cardiff bath words were actually audible to hearers, the acoustic technique was supplemented with an auditory analysis carried out by two trained phoneticians who listened to all the tokens. Since any discrepancy between the judgements of the two raters could in principle be attributed to their perceiving the items in terms of their own usage or their degree of familiarity with the accents of the area, it was decided to use two phoneticians who differed in these two respects. Neither was a speaker of Cardiff English, one being one of the authors (IMM), the other a speaker of a different variety of South Wales English.
1
The first listener used palm for all bath words while the second employed trap in some of the words.
The two raters listened to 544 instances in the word list (34 items read by 11 informants in 1990 and five in 2011) and 184 in the reading passage. They were asked to state whether they heard the item as trap or palm. In cases of doubt they were instructed to make a choice but to indicate in a separate column by means of a question mark that it had been difficult to determine which of the vowels was used. In the word list there was a lack of correspondence between the judgments in only 2.6% of the instances, and if the tokens with question marks are excluded, the disagreement was a mere 0.6%. In the reading passage, the discrepancy between the two raters was 1.6 % (1.1% if the occurrences with question marks are disregarded). Thus degree of familiarity with the accent and own usage did not appear to lead to different results among the raters. The disagreement between the auditory and the acoustic results also proved to be relatively small. Of the 527 instances in the word list (we left out the 17 tokens where the judgments of the raters were at variance) only 8.9% of the auditory results differed from the acoustic results, and of the 181 instances in the reading passage (here three tokens were omitted), only 6.1% differed.
RESULTS
As detailed in section 3 above, the vowels in the bath words were analysed using a combination of auditory and acoustic techniques. The results of the two methods did not differ significantly. Nevertheless, in the few cases where there were discrepancies, the auditory results were given precedence over the acoustic results. Below, three dimensions are considered: (1) the quality of the vowels, i.e. their degree of backness, (2) their length (considered in combination with their degree of backness), and (3) their lexical incidence.
Vowel Quality
In terms of vowel quality, it is evident from the results that there is a marked distinction between the WC and the MC. While the MC informants differentiate clearly between the trap and palm vowels, trap being front and palm back, most of the WC informants appear to have a similar quality for both vowels. Figures 4 and 5 provide typical examples of the realisations of the trap and palm vowels (in non-bath words) for one MC and one WC informant. In addition, the realisation of the vowels selected in the bath words is shown. The examples have been taken from the reading passage in the 1990 sample. The axes were reversed so as to represent a traditional vowel diagram, axis (y) on the right showing height, and axis (x) at the top indicating degree of backness.
For the MC informant, the two vowels are clearly separated, and it can be seen that the palm vowel is selected for the bath words. For the WC informant, on the other hand, the trap and palm vowels overlap, showing a very similar (front) quality. As the realisations of trap and palm are on the whole front, and the vowel in the bath words is also front, it can be very difficult to determine which of the two vowels was selected for these words. Whatever the case may be, it is clear that the WC informant has a significantly more front pronunciation of the bath words than the MC informant. Note that vowel height was not addressed in this study, as it did not appear to have any crucial social significance. To determine whether the informants chose trap or palm for the bath lexical set, it was therefore necessary to consider the length of the vowel.
Vowel Quality Combined with Length
In RP, palm is long and trap (with some exceptions) is short. As we have seen, in Cardiff English, three representative vowels may be distinguished, namely trap, back palm and front palm. In Figures 6 and 7 , the distribution of the three vowels for the seven bath words in the reading passage and their development over time from 1977 to 1990 and 2011 is presented for the two social classes. Figure 6 shows that the MC informants almost always select the back palm vowel. Only in a few cases do they choose the trap vowel, and they never use front palm. This pattern seems to be relatively stable across time. However, the pattern for the WC informants (Figure 7) is somewhat more varied. In 1977 they select the front palm vowel in the majority of cases, and choose trap for the remaining occurrences. Back palm is never selected. The distribution in 1990 is very similar to that of 1977 though it can be seen that a very small percentage of back palm is introduced. Finally, in 2011, the use of the front palm vowel has been significantly reduced while a retracted realisation of palm has gained ground, as has the use of trap, which shows a marked increase and is now the variant selected most frequently. It is noteworthy that the 2011 occurrences of back palm are found mainly in the speech of the upwardly socially mobile speaker (section 2.2). The increased use of front palm by the WC is likely to be the result of age-grading. This is a phenomenon in which speakers 'gradually alter their speech habits as they get older, and where this change is repeated in every generation' (Trudgill 2003: 6) . As stated in the introduction, sociolinguistic studies have shown that speakers tend to modify their language in the direction of the prestige norm as they approach middle age as a response to the greater responsibilities at work and at home. Since the speakers use more standard forms in middle age than in childhood or early adulthood, our findings would appear to indicate that back palm is indeed perceived as the prestige form while front palm is stigmatised. It is more difficult to determine the status of trap. It is used more frequently by the WC than the MC, which would normally indicate it is less prestigious, but nevertheless it does not appear to have the negative social connotations associated with front palm; it is rarely commented on by the speech community. Interestingly, however, the degree of acceptability of trap appears to depend on the lexical item. We shall examine this in section 4.3 below. Figures 8-11 show the lexical distribution for the 34 items in the word list for the two social classes in 1990 and 2011. As stated earlier, the words have been divided into three categories: (1) pre-nasal plus consonant, (2) pre-fricative plus consonant, and (3) preceding a fricative alone. It should be borne in mind that the results from 2011 are based on only three WC and two MC informants. This obviously reduces the reliability of the data and makes it difficult to draw any general conclusions. As can be seen from figures 10 and 11, trap was rarely used by the MC. When it was selected by this social class it appeared to be overwhelmingly for the words belonging to category 1. The MC informants never selected trap for words in category 3 (either in 1990 or 2011), and the same holds true for category 2, where only a single word (castle) occasionally favoured trap, and this only in 1990. By mid-adulthood all MC speakers had switched to palm for all items in this category as well. The WC speakers also overwhelmingly selected palm in category 3 (Figures 8 and 9 ). Although some of the words in this category exhibited a degree of trap in 1990, by 2011 all items except for staff had been replaced by palm. Just as in the MC, speakers from the WC also typically selected the trap vowel for words in category 1; only aunt formed a clear exception. For words in category 2 the WC pattern is less clear. Although the informants seemed to favour the trap vowel for some of the words, e.g. grasp, for other words such as ask they were more likely to choose palm. For two of the words, craft and basket, they even change from favouring palm in 1990 to preferring trap in 2011.
Lexical Variation
In category 1, the overall tendency seems to be for both WC and MC speakers to increase their use of trap in mid adulthood although for the MC this holds true for only a selection of the words; in fact, five of the nine words in this category are 100% palm in 2011. However, in the WC, most words have either majority trap or 100% trap when the speakers reach middle age.
On the basis of these results, it can be concluded that while the trap vowel is a possible choice for the informants for words in category 1, i.e. pre-nasal, it is only accepted for some words in category 2, e.g. castle (both WC and MC), master, grasp and nasty (only WC), and it is accepted for almost no words in category 3, the exception being staff in the WC. This is different from the north of England, where the use of trap is much more widespread and would be used in most of the words included in the list.
CONCLUSION
The bath words in Cardiff English are complex because of the many aspects which have to be taken into consideration, namely (1) lexical distribution, i.e. whether the palm or trap vowel is selected in the lexical set constituting the bath words; (2) in cases where the palm vowel is chosen, whether it has a front or a back realisation, and (3) vowel length. From the results, it is evident that the back palm vowel is the form favoured by the MC. Only in relatively few instances did the speakers belonging to this class use the trap vowel, and then only in some words -in virtually all cases words in which the vowel preceded a nasal plus another consonant. The WC, on the other hand, very rarely used the prestigious back palm vowel. Instead they seemed to favour the more local forms, trap and front palm. However, across time (notably in middle age), the use of front palm decreased markedly while, conversely, the use of trap and back palm increased. In this social class, trap was also found to occur most frequently in words containing a nasal plus another consonant though it was also selected for a number of the words in which the vowel preceded a fricative plus another consonant. Thus our study has shown that it is useful to undertake a further subdivision of the bath words on the basis of phonological context. Our findings suggest that two types of linguistic variable may be observed for the bath words in Cardiff. Front palm, decreasing over time for the WC and never appearing in the speech of the MC, has many similarities in common with the classic stereotype. The trap vowel, however, increasing rather than decreasing across time, does not appear to carry negative connotations, though it cannot entirely be regarded as a prestige form either, at least not in the MC, which continues to use relatively few trap vowels. In fact, when used in words in which the vowel precedes a fricative, it is clearly perceived as less socially acceptable.
In this exploratory study, we have found indications that the choice of vowel in the bath words is determined by a combination of factors such as social class, age, lexical and phonological distribution. However, despite the emergence of these patterns, the situation remains somewhat confusing, with notably broad Cardiff speakers showing a variable pattern of alternation between palm and trap. Coupland (1988: 28) observed in the 1980s that 'there is scope for more research into conditioned variation in [long/short] vowels in different lexical sets across different British communities', and even though this to an extent remains true today, we hope our findings have brought us one step closer to clarifying the distribution of this interesting set of lexical items in Cardiff English.
